an aging population and an alarming obesity epidemic. Patients commonly present with postmenopausal bleeding, and those with stage I endometrial cancer generally have an excellent prognosis. The 5-year relative survival rate for stage I disease is 97.4%.
Introduction
Endometrial cancer is the most common gynecologic malignancy in the United States, with an estimated 40,100 new cases and 7,470 deaths occurring in 2008. 1 Accounting for 6% of all cancers in females, endometrial cancer is predicted to be a continuing problem in the future due to dissection have not been uniformly defined and remain controversial. In seeking the optimal care for women with endometrial cancer, the aim is to avoid both overtreatment (ie, sparing a patient unnecessary surgery or radiotherapy) and undertreatment (ie, not treating a patient with occult involvement of her lymph nodes). This review discusses the controversies of lymphadenectomy in patients diagnosed with endometrial cancer.
The Controversy
Multiple issues influence a surgeon's decision to perform comprehensive surgical staging in patients with endometrial cancer. Does surgical staging provide an overall survival benefit? Should all patients diagnosed with endometrial cancer undergo comprehensive staging? Is there an impact on quality of life? Does sparing the patient the morbidity of unnecessary adjuvant treatment outweigh the morbidity of the staging procedure itself? Is comprehensive surgical staging cost-effective? Does the increased use of laparoscopy and minimally invasive surgery lessen the morbidity or influence the cost-effectiveness of surgical staging? Are less invasive diagnostic procedures such as ultrasound, magnetic resonance imaging (MRI), and positron-emission tomography/computed tomography (PET/CT) accurate enough to replace surgical staging in carefully selected patients? Unfortunately, the answers to all of these questions remain unclear. In this review these important issues are examined.
Predictors of Lymph Node Metastases
Several histopathological and clinical risk factors have been identified that predict the likelihood of lymph node metastasis. In the Gynecologic Oncology Group study GOG-33, patients with clinical stage I endometrial cancer were surgically staged and were stratified into three risk categories. High-risk patients were defined as having either deep myometrial invasion or intraperitoneal disease. Patients with deep myometrial invasion had an 18% risk of pelvic node metastasis and a 15% risk of para-aortic lymph node metastasis. Intermediate-risk patients, defined as grade 2 or 3 histology and/or innermid myometrial invasion, had a 2% to 6% risk of nodal metastasis. Low-risk patients, with grade 1 histology and endometrial involvement only, had no lymph node metastasis in this study. 3 Other studies have demonstrated an incidence of pelvic lymph node metastasis as high as 4% in low-risk patients with no myometrial invasion. 4 Subsequently, GOG-99 refined the definition of intermediate-risk disease to account for additional prognostic factors such as patient age and the presence of lymphovascular invasion. 5 Clinical staging has been deemed insufficient because it fails to identify all patients with advanced disease. This is important both for prognostic and therapeutic reasons. Prognostically, patients with lymph node metastasis have worse outcomes; stage III patients have 5-year relative survival rates of 59.6% compared with 97.4% for patients with stage I disease. 2 Therapeutically, studies have demonstrated that surgical excision of grossly involved lymph nodes is associated with improved disease-specific survival. 6, 7 Most agree that patients with aggressive histological features, such as clear cell and papillary serous carcinomas, should be comprehensively staged with lymphadenectomy and omentectomy. These patients are more likely to have distant metastases and recur even when the tumor is grossly confined to the endometrium. 8, 9 Preoperative Evaluation A patient's risk status can be definitively determined only postoperatively. Since certain pathologic factors are unavailable or inaccurate preoperatively or intraoperatively, it may be difficult to determine which patients to select for lymphadenectomy. Preoperative histology obtained from endometrial biopsy or dilation and curettage often differs from final pathology. In a study of 291 endometrial cancer patients by Goudge et al, 10 18% of tumors were upgraded on final pathology. Similarly, Ben-Shachar et al 11 reported that final pathology was upgraded in 19% of 181 patients with a preoperative grade 1 tumor.
As imaging modalities become more sophisticated, there is hope that a non-invasive scan can provide information concerning the status of the lymph nodes. However, results to date have been disappointing. CT scans have poor sensitivity and specificity in detecting the depth of myometrial invasion, cervical and parametrial involvement, and lymph node metastases. 12 MRI is more accurate than CT scans, with an overall staging accuracy of 85%. 13 However, MRI was only 54% sensitive in determining deep myometrial invasion and had limited specificity for detecting pelvic and para-aortic node metastases. 13 In a more recent study comparing MRI with PET/CT, Park et al 14 demonstrated that PET/CT had a sensitivity of 69.2%, specificity of 90.3%, positive predictive value of 42.9%, and negative predictive value of 96.6%. Although these results were statistically comparable to MRI, it does not appear that PET/CT can replace surgical staging.
Intraoperative Evaluation: Lymph Node Palpation and Frozen Section
Neither lymph node palpation nor frozen section is an accurate method for assessing lymph node metastases. Palpation of lymph nodes is unreliable primarily because many positive lymph nodes are grossly normal. In a study by Girardi et al, 15 37% of node metastases were less than 2 mm and only 7% were larger than 2 cm. Arango et al 16 published a 36% false-negative rate for intraoperative palpation in 126 women with gynecologic cancers. Similarly, Eltabbakh 17 noted a 26% false-negative rate for palpation in 178 consecutive gynecologic patients undergoing lymphadenectomy. In a prospective study comparing frozen section and final pathology for histologic grade and depth of myometrial invasion, Case et al 18 found that frozen section correlates poorly with final pathologic diagnosis. Agreement between frozen and permanent section was seen in only 67% of specimens for depth of invasion and in 58% of specimens for tumor grade. The authors concluded that clinically relevant upstaging occurred in 18% of patients who underwent lymphadenectomy. Therefore, it has been argued that comprehensive surgical staging should be performed on all patients to provide the physician with accurate information to recommend the most appropriate adjuvant therapy. 19 Proponents of a more selective approach to surgical staging have countered that the incidence of nodal involvement and extrauterine disease is too low to warrant surgical staging on all patients. 20 It has been estimated that 5% of low-risk patients will have extrauterine disease and/or nodal involvement. Additionally, it has been argued that the discrepancy between frozen section and final pathology rarely results in a clinically significant change. For example, changing the grade of a non-invasive endometrial cancer would not alter the overall management or outcome of the patient.
Impact on Overall Survival
When determining whether or not to perform routine lymphadenectomy, a key issue that must be considered is if lymphadenectomy improves outcomes in a patient population that has excellent disease-free survival. Multiple studies evaluating this issue have arrived at contradictory results, largely due to differing study designs, patient populations, and inclusion criteria.
Belinson et al 21 reported on 216 patients with clinical stage I adenocarcinoma of the endometrium who did not receive routine pelvic lymphadenectomy. Paraaortic nodes were dissected only when they were determined to be clinically abnormal, when there was greater than one-third myometrial invasion on frozen section or when there was evidence of cervical or intraperitoneal disease. Over a 5-year follow-up period, 21 patients had a recurrence. Two patients had a pelvic recurrence in the absence of pelvic lymphadenectomy, and 2 had a lung recurrence in the absence of para-aortic lymphadenectomy. The 5-year survival rate was 100% for patients with grade 1 disease and 92% for grade 2 disease. In this single-institution study, the authors concluded that only a small portion of patients would have benefited from routine lymphadenectomy.
Eltabbakh et al 22 evaluated the survival of low-risk endometrial cancer patients without routine lymphadenectomy. Notably, routine vaginal brachytherapy was administered. Over a median of 8.1 years of followup, 1.8% of patients died of their disease. Additionally, 2.1% of patients had severe complications from brachytherapy, including severe vaginal stenosis, radiation cystitis, radiation colitis, and rectovaginal fistula.
Hidaka et al 23 compared 68 patients with earlystage disease who underwent complete lymphadenectomy with 60 patients who did not undergo lymphadenectomy. Disease-free survival, overall survival, perioperative complications, and blood transfusions were compared. Overall, there was no significant difference in disease-free and overall survival between the two groups, with a median follow-up of 120 months for the lymphadenectomy cohort and 74 months for the unstaged cohort. However, mean operative time (237 vs 132 minutes), estimated blood loss (771 vs 259 mL), transfusion requirement (23 vs 2 patients), and postoperative leg lymphedema (11 vs 0 patients) were all significantly greater in the lymphadenectomy group. Although this study was not powered to detect differences in survival, it confirmed earlier reports that lowrisk patients without complete lymphadenectomy had an excellent prognosis.
In contrast, Kilgore et al 24 found that lymphadenectomy did impact survival. Three groups of endo metrial cancer patients were compared retrospectively. One group of 212 patients underwent multiple pelvic node sampling (average of 11 nodes) from at least 4 separate sites. A second group of 205 patients had limited pelvic node sampling (average of 4 nodes) from fewer than 4 sites, and the third group of 208 patients were not sampled. The number of high-risk patients was evenly distributed between the various node sampling groups. The patients who had multiple-site pelvic node sampling had significantly better overall survival than the patients who did not have lymph node sampling (P = .0002). Multiple-site pelvic node sampling offered survival benefit in both low-risk and high-risk patients. Additionally, lower recurrence rates were observed in patients with multiple-site pelvic node sampling compared to those patients without node sampling (P = .019). This study suggests that the extent of lymph node dissection may be an important consideration when assessing the potential benefits of lymphadenectomy.
A number of other retrospective studies have also suggested a therapeutic benefit for pelvic lymphadenectomy in patients with endometrial cancer. [25] [26] [27] Cragun et al 26 reported a survival advantage in patients with early-stage disease with poorly differentiated cancers but failed to demonstrate a similar advantage in grade 1 or 2 disease. In a large, retrospective analysis of over 9,000 women with apparent stage I endometrial cancer, Trimble et al 25 reported that the 5-year relative survival rate for patients who did not undergo lymph node sampling was 98% compared with 96% for patients who had lymph node sampling. Lymph node sampling did not appear to confer a survival benefit in patients with stage IA, grade 1 or 2 tumors, although improved survival was observed in patients with grade 3 disease who underwent lymph node sampling.
Analyzing patient information from the Surveillance, Epidemiology, and End Results (SEER) program, Chan et al 28 reported on 12,333 endometrial cancer patients who underwent comprehensive surgical staging. This large population was divided into five groups of patients based on the number of lymph nodes resected (1 node, 2-5 nodes, 6-10 nodes, [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] 29 surgically staged patients with stage I, grade 3 disease had statistically improved 5-year survival rates compared with unstaged patients (90% vs 85%, P = .0001).
One may speculate over which factors account for the greatest impact on survival in this heterogeneous population. Some patients with higher grade and more invasive cancers likely experience a therapeutic benefit from surgical excision of microscopically involved lymph nodes. In many cases, however, the survival difference may be explained by stage migration; specifically, surgically confirmed stage I patients with no lymph node metastasis will have an improved survival compared to clinical stage I patients with undetected disease in the lymph nodes. Selection biases may also influence patient outcomes. Characteristics such as obesity or other comorbidities that affect survival may have influenced the surgeon's decision to perform a lymphadenectomy. In many studies, standardized surgical management protocols and pathologic evaluations were lacking. It is therefore difficult to make definitive conclusions about overall survival from these retrospective studies, and other clinically important factors must be considered when evaluating routine surgical staging.
Morbidity From Lymph Node Dissections and Radiotherapy
It has been argued that the complications from surgical staging may be worse than the side effects of radiotherapy. Morbidity from lymphadenectomy includes lymphedema, symptomatic lymphocyst, deep vein thrombosis, and blood transfusion. 20 Advocates of routine comprehensive surgical staging have countered that the morbidity from pelvic and para-aortic lymphadenectomy is minimal. In a study comparing 191 surgically staged endometrial cancer patients with 101 non-staged patients, Moore et al 30 did not find significant differences in estimated blood loss, blood transfusions, or vascular injuries between the staged and unstaged groups. There was also no difference in infection rates and length of hospital admission postoperatively. In a prospective trial of 77 patients, Larson et al 31 noted that lymph node sampling resulted in surgeries lasting an average of 40 minutes longer with greater estimated blood loss (approximately 120 mL). There was also a longer average postoperative hospital stay for the surgically staged group. However, lymph node sampling did not result in an increased risk of febrile morbidity, blood transfusion, postoperative complications, or mortality in this study. In general, morbidity from lymphadenectomy is limited if performed by a skilled surgeon.
Morbidity from whole pelvic radiation includes deleterious effects on small and large bowel, urinary bladder, and vaginal function. Adverse gastrointestinal effects are the most common, ranging from mild diarrhea and abdominal cramping to bleeding and obstruction. Urinary bladder complications include dysuria, hematuria, incontinence, fistula, and necrosis. Even relatively mild complications may seriously impact a patient's quality of life. In a retrospective study of 317 patients with endometrial cancer treated with postoperative radiotherapy, late complications were documented in 51%, with 11% of patients suffering from grade 3 or 4 complications. 32 Surgical staging may avoid these potential morbidities by decreasing the utilization of radiotherapy.
Decreasing the Need for Adjuvant Radiation Therapy
There is accumulating evidence that lymphadenectomy decreases the need for whole pelvic radiation in intermediate-and high-risk stage I patients. In a small study of surgically staged high-risk patients treated with only postoperative brachytherapy, Seago et al 33 demonstrated that there were no recurrences with a median of 25 months of follow-up. Lin et al 34 studied 78 surgically staged intermediate-risk patients who were given either adjuvant vaginal brachytherapy or brachytherapy plus whole pelvic radiation. There was no difference in disease-free survival between the two groups. Furthermore, large, multicenter trials such as GOG-99 and the Post Operative Radiation Therapy in Endometrial Carcinoma (PORTEC) study in Europe have suggested that although whole pelvic radiation may decrease local recurrence rates in intermediate-risk endometrial carcinoma, there is no improvement in overall survival. 5, 35 Straughn et al 36 retrospectively studied 239 surgical stage I patient with intermediate-risk factors. Overall survival and recurrences in patients who received adjuvant radiotherapy were compared to patients who were observed. Although recurrence rates were higher in the observation cohort, survival was similar in both cohorts. The majority of patients who recurred were successfully salvaged with radiotherapy. In a subsequent multi-institution study, Straughn et al 37 compared the outcomes of comprehensively staged IC patients who were treated with adjuvant radiation therapy or observation. This study demonstrated no difference in overall survival between the groups and suggested that fully staged patients with IC endometrial adenocarcinoma may safely forego adjuvant radiation therapy.
These results were confirmed by Goudge et al 10 who showed that surgically staged intermediate-risk patients with negative lymph nodes had similar recurrence rates whether or not they were treated with whole pelvic radiation. These studies underscore the fact that traditional risk factors such as myometrial invasion serve only to estimate the likelihood of extrauterine metastasis. Once extrauterine disease is definitively ruled out by comprehensive staging, the risk of recurrence is generally quite low.
Impact of Surgical Staging on Clinical Care
It has been argued that the information obtained from comprehensive surgical staging significantly impacts postoperative management. 19 In a study of 181 patients with grade 1 disease, Ben-Shachar et al 11 reported that adjuvant treatment was avoided in 17% of patients as a result of negative staging results. The results of surgical staging also led to adjuvant treatment in 12% of patients who were found to have extrauterine disease or other high-risk characteristics. In this study, surgical staging significantly impacted postoperative treatment in a significant number of patients. Therefore, several authors recommend comprehensive surgical staging to be performed on all patients with endometrial cancer, including those with grade 1 disease.
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The Role of Para-aortic Lymphadenectomy
In an effort to minimize surgical morbidity, studies have been conducted to ascertain the safety and practicality of performing only pelvic lymphadenectomy and eliminating para-aortic sampling from the staging procedure. Reports of morbidity in women receiving pelvic and para-aortic lymphadenectomy compared with pelvic lymphadenectomy alone are conflicting. In one study, patients undergoing both procedures had longer surgeries (median 220 vs 204 minutes), longer hospitalizations (8 vs 5 days), and greater estimated blood loss. 26 However, other studies failed to report a difference in patients who had a para-aortic lymphadenectomy. 31 In a retrospective study, Faught et al 38 concluded that 88 para-aortic lymphadenectomies would need to be performed to potentially benefit 4 patients and that pelvic lymphadenectomy with peritoneal washings was sufficient to identify patients with extrauterine disease. Hirahatake et al 39 observed that para-aortic lymph node metastases were present in 2.5% of stage IA, 8.5% of stage IB, and 15.7% of stage II endometrial cancers. Again, a relationship was observed between high-risk factors such as deep myometrial invasion, cervical involvement and lymphovascular space invasion, and the presence of lymph node metastasis. Mariani et al 40 reported that positive pelvic lymph nodes and lymphovascular space invasion were independent predictors of para-aortic lymph node involvement. Para-aortic lymph nodes were positive in 47% of patients who also had disease documented in their pelvic nodes. Tanaka et al 41 also found a strong correlation between pelvic and para-aortic lymph node involvement. Based on these results, patients with positive pelvic nodes or lymphovascular space invasion who did not undergo para-aortic lymphadenectomy should receive adjuvant radiotherapy to the para-aortic lymph nodes.
Another unanswered question is the anatomical extent of para-aortic resection. Traditionally, most surgeons have removed the para-aortic nodes up to the inferior mesenteric artery (IMA). 36, 37 However, some recent studies suggest there is a high incidence of positive lymph nodes above the IMA. For example, Mariani et al 42 reported that 77% of patients with para-aortic metastases had involvement above the IMA, while only 40% of the ipsilateral nodes below the IMA were reported positive. Of note, the number of patients with isolated disease above the IMA is quite low, and the majority of patients with disease above the IMA also have disease in the pelvic nodes and low para-aortic nodes.
Economic Considerations: What Is Cost-Effective?
If the various treatment strategies for early-stage endometrial cancer result in similar survival, then quality of life and cost of therapy should be considered. There are many variables to evaluate when identifying the most cost-effective treatment strategy. In addition to estimating the costs of surgery and radiotherapy, accurately quantifying the costs of side effects from surgery, radiation therapy, and other comorbidities remains a challenge.
Studies evaluating the cost-effectiveness of different management strategies in early-stage endometrial cancer have utilized different cost assumptions. [43] [44] [45] [46] [47] Barnes et al 43 evaluated routine surgical staging for all patients with adjuvant radiation therapy reserved for patients with extrauterine disease. This strategy was compared to lymph node dissection only for high-risk patients with deep myometrial invasion or intraoperative frozen section with a surgical consultation. The surgical staging strategy was the most cost-effective strategy in this cost analysis. More recently, Cohn et al 47 performed a cost-effectiveness analysis in patients with preoperative grade 1 disease. Three strategies were compared: (1) complete surgical staging in all patients, (2) frozen section followed by selective surgical stag-ing, and (3) hysterectomy without staging. Based on estimated costs for surgery, chemotherapy, and radiotherapy, the complete surgical staging approach was the most cost-effective, decreased postoperative radiation, and resulted in equivalent survival rates.
Alternative Approaches to Open Lymphadenectomy
In the last 15 years, an increasing number of surgeons have been utilizing a minimally invasive approach to surgically treat endometrial cancer. 48 The benefit of laparoscopic staging over laparotomy in endometrial cancer patients has been well documented. Multiple studies have shown no difference in survival or recurrence between laparoscopy and laparotomy staging, in both early-and advanced-stage endometrial cancer. [49] [50] [51] Furthermore, significant improvements in early postoperative complications (23.8% vs 47.4%; P = .011) and late postoperative complications (7.9% vs 35.5%; P = .001) were demonstrated in a prospective study of 122 endometrial cancer patients. 52 Frigerio et al 53 confirmed that laparoscopic staging yielded comparable lymph node counts (17 vs 19; P = .294). Although the laparoscopic approach results in a longer operating time (220 vs 175 minutes; P < .01), there was a significantly shorter hospital stay, less blood loss, and fewer postoperative complications in the laparoscopic group. Some authors have reported that the economic benefits from faster recovery are offset by increased anesthesia costs and longer operating room time. 54 Higher hospital costs, longer hospitalizations, higher pharmacy billing, and increased costs related to complications are seen with laparotomy compared to laparoscopy. Furthermore, patients undergoing laparotomy experience a significantly longer time to return to normal activity compared with laparoscopy. 55 In an effort to decrease the morbidity that results from lymphadenectomy, the sentinel node approach has been successfully employed in other malignancies such as breast and vulvar cancers. The sentinel node is the first node that receives lymphatic drainage in the lymphatic chain. If the sentinel node is pathologically negative, all downstream nodes should also be negative and would not require resection.
Various methods to identify the sentinel node have been utilized such as injecting an isosulfan blue dye, using a radioactive gamma probe, or combining the two techniques. Burke et al 56 utilized isosulfan blue dye at the time of exploratory laparotomy, injecting into the uterine subserosa in 15 high-risk patients. Dye uptake was noted in 67% of cases. In this study, 4 patients had tumor in resected lymph nodes, with only 2 containing blue dye. In a subsequent study combining blue dye with technetium-99 radiocolloid, a sentinel lymph node was identified in only 8 of 18 patients (45%). 57 Using a hysteroscope to direct dye injection, Niikura et al 58 injected radioactive 99m-technetium ( 99m Tc) phytate with blue dye in 28 patients with endometrial cancer. The following day, a lymphoscintigram was taken just prior to surgery. A gamma-probe was then used intraoperatively, and all radioactive nodes were removed. This technique yielded an overall detection rate of 82%. Of 6 patients with deep myometrial invasion, only 2 were identified, possibly due to altered lymphatic drainage. 58 Delaloye et al 59 also used a hysteroscope to guide lymphatic mapping and found a positive sentinel node in 8 of 9 patients (89%) with metastatic disease. There may be an increased role for sentinel lymph node biopsy in endometrial cancer in the future, but presently this is still an investigational technique.
Conclusions
Multiple studies have demonstrated benefits from comprehensive surgical staging in patients with endometrial cancer. Preoperative studies, including PET/CT, MRI, and dilation and curettage are not accurate methods to evaluate the lymph nodes. Likewise, intraoperative assessments such as lymph node palpation and frozen section have been shown to be inadequate. Subjecting patients with an excellent overall prognosis to comprehensive surgical staging to identify a small number of patients with more advanced disease has been controversial. Weighing the morbidity of lymphadenectomy against the morbidity of adjuvant radiation therapy requires careful clinical judgment. It appears that comprehensive surgical staging allows the surgeon to identify high-risk endometrial cancer patients who would benefit from adjuvant therapies. Adjuvant radiation therapy has drastically decreased during the last decade due to the increase utilization of lymphadenectomy. The morbidity from lymphadenectomy appears to be reduced with the use of laparoscopic staging, with similar nodal counts and survival outcomes.
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